Introduction
Fluid management usually relies on increasing preload to augment cardiac output in critically ill patients. However, recent studies have failed to demonstrate the anticipated effect in approximately 50% of the patients. 1 This has resulted in a need for developing an accurate and reliable technique to guide the fluid management. Current preload variables such as central venous pressure (CVP) and pulmonary capillary wedge pressure are not reliable variables to manage fluid resuscitation. On the other hand, volumetric preload variables assessed with transpulmonary thermodilution may be superior in reflecting the left ventricular preload; however, these variables do not allow evaluation of the fluid responsiveness. 2, 3 As a less invasive hemodynamic monitoring system based on arterial pulse contour analysis, stroke volume variation (SVV) allows continuous monitorization of the fluid status, and several studies have suggested that
Patients and methods Patients
The study protocol was approved by the institutional Ethics Committee (No. 16-3.1/3) and conducted in accordance with the principles of the Declaration of Helsinki. A total of 88 patients who underwent lobectomy between January 2014 and December 2015 were reviewed retrospectively. Patients undergoing surgical procedures other than lobectomy, those with severe valvular disease and arrhythmia, respiratory function test results below 50%, or severe organ failure (kidney, liver, and heart failure), patients without an epidural catheter, and pediatric cases were excluded. The patients were divided into two groups including group 1 (patients who were monitored with the FloTrac Device, SVV group, n=43) and group 2 (patients who were not monitored with the FloTrac Device, conventional or CVP group, n=45). In this study, conventional methods were collected under the heading CVP.
anesthesia management
The patients received diazepam 5 mg (Nervium 5 mg; Saba Pharmaceuticals, Istanbul, Turkey) as a premedication at 10:00 PM the night before and at 06:00 AM the morning before surgery. A peripheral venous access was installed and the patients were monitored with electrocardiography, pulse oxymetry, and invasive measurements of radial artery pressure and CVP. In the patients, an epidural catheter for postoperative pain management was inserted between the Th5/6 and Th9/10 intervertebral spaces. A bolus of 0.125 mL/kg of 0.25% bupivacaine and 50 μg fentanyl were added before surgical incision. Anesthesia was induced with lidocaine 1 mg/kg, propofol 2-3 mg/kg, fentanyl 1-2 μg/kg, and rocuronium bromide 0.6 mg/kg. Anesthesia maintenance was achieved with desflurane (0.5%-1% minimum alveolar concentration) added to 50% oxygen and 50% air mixture, remifentanil (0.25-0.5 μg/kg/min), and propofol (1 mg/kg/h). After intubation with a double-lumen endotracheal tube, the patients were monitored in volume control mode with 8 mL/kg tidal volume and a positive end-expiratory pressure (PEEP) of 4 cmH 2 O. In the lateral position, tidal volume was reduced to 4-5 mL/kg in one-lung ventilation (OLV), and the fraction of inspired oxygen (FiO 2 ) and respiratory variables were set to maintain oxygen saturation above 92% and a partial arterial pressure of carbon dioxide between 35 and 45 mmHg. A recruitment maneuver (constant airway pressure of 40 cmH 2 O to the whole lung for 10 s) was performed twice by mechanic ventilator, when transitioning from OLV to two-lung ventilation and at the end of operation. All patients were extubated in the operating room. Epidural patient-controlled analgesia was programmed with 0.125% bupivacain +2 μg/mL fentanyl at the concentration to administer a 2 mL bolus, 4 mL/h infusion, a 20-min lockout interval, and a 4-h limit of 30 mL. Epidural patient-controlled analgesia was initiated after the patients were admitted to the intensive care unit.
Fluid management group 1 (sVV group)
The FloTrac Device (Vigileo™; Edwards Lifesciences, LLC, Irvine, CA, USA) was connected to the arterial line. The SVV, cardiac output, cardiac index (CI), stroke volume, and stroke volume index (SVI) were measured by the FloTrac Device. The measurements were taken into consideration when the tidal volume was 8 mL/kg and the thorax was closed. All patients' preoperative fluid losses were calculated with the 4/2/1 rule 6 and treated with 500 mL (half of the preoperative fluid losses) crystalloid fluid loading during the first hour (4/2/1 rule: 4 mL for the first 10 kg, 2 mL for the second 10 kg, and 1 mL for every 1 kg above 20 kg). In the case of SVV $13%, a 2 mL/kg bolus of crystalloid infused over 10 min was administered, and if SVI $10% the bolus was repeated until SVV ,13%. If SVI was not increased by more than 10%, the fluid loading was interrupted and the case was reevaluated after 15 min. After the first 1,000 mL crystalloid treatment, colloid was added. The SVV measurements continued during open thoracic surgery, but SVV results did not guide fluid therapy alone during this period. SVV management used traditional methods.
group 2 (conventional or CVP group)
Based on patients' weight, the 4/2/1 rule was used to calculate preoperative fluid losses. All patients were treated with 500 mL crystalloid fluid loading during the first hour. Maintenance fluid therapy was calculated using the same rule (average 110-125 mL/h) and titrated to hemodynamic measures (CVP between 5 and 10 mmHg, mean arterial blood pressure (MAP) .65 mmHg, heart rate (HR) 60-100 bpm, and urine output .0.5 mL/kg/h). Ephedrine was administered to treat refractory hypotension despite adequate fluid therapy. Erythrocyte suspension was given when hemoglobin ,8 mg/dL.
Postoperative fluid management
Postoperative fluid was given to all patients in both groups at 1,000 mL/m 2 /24 h on the first postoperative day. Additional fluid was given to some patients to keep urine 
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Influence of stroke volume variation on fluid treatment output .0.5 mL/kg/h. Colloidal solutions (hydroxyethyl starch, gelofusine, and albumin) were not used in the postoperative period.
Primary and secondary endpoints
HR, MAP, oxygen saturation, CVP (all patients), SVV (only group 1), urea, creatinine, and hemoglobin levels before and after surgery, the amount of fluids, blood products, and inotropic agents, and complications were recorded. The primary endpoint was the amount of intraoperative fluid administration between the SVV group and the CVP group during OLV and lobectomy. The secondary endpoint was comparisons of the postoperative complications between the SVV and CVP groups. Postoperative complications were defined as follows:
• Respiratory complications: pneumonia (infiltration on chest X-ray, temperature .38°C; signs of infection on sputum microbiology; purulent secretion differing from preoperative status), pleural effusion (chest X-ray), atelectasis (chest X-ray), respiratory failure (hypoxemia, pulmonary edema, acute respiratory distress syndrome, reintubation, requiring mechanic ventilation [oxygen saturation 90% on room air on the pulse oximeter, the ratio partial pressure arterial oxygen and fraction of inspired oxygen ,200 in arteblood gas, chest X-ray findings]), air leak .5 days, increased secretions (defined by nasotracheal suctioning or fiberoptic bronchoscopy in patients who developed postoperative atelectasis, pneumonia, or hypoxemia), and bronchopleural fistula on chest computed tomography.
• Cardiac complications: heart failure, arrhythmias requiring treatment, myocardial infarction.
• Renal dysfunction: 0.3 mg/dL increase in creatinine levels compared to baseline values or need for renal replacement treatment or dialysis.
• Others: stroke (cerebral hemorrhage, infarct), ileus, mesenteric ischemia, gastrointestinal bleeding, sepsis, multiple organ failure, reoperation for any reason.
statistical analysis
To evaluate the impact of SVV on fluid therapy, a study sample minimum size of 43 patients in each group was required (fluid volume used was 1,466±432 mL in group 1 (SVV group) and 1,083±442 mL in group 2 (CVP group); G*Power software (Heinrich-Heine-Universität, Düsseldorf, Germany), two-sided tests, type I error 0.01, and power 90% 
Results
One hundred and ninety-eight patients were enrolled in the study and 88 patients completed it ( Figure 1 ). The mean age of the study population was 56.9±14.4 years (range 20-78 years), and 75% of the patients (66 patients) were male. Of these patients, 89.8% and 10.2% underwent lobectomy due to a lung tumor and bronchiectasis, respectively. Of these patients, 25% had more than one systemic disease, while 39.8% did not have any comorbid conditions. Twenty-two patients had hypertension (12 in group 1 vs 10 in group 2, p=0.626), 12 patients had coronary artery disease (3 in group 1 vs 9 in group 2, p=0.119), 10 patients had diabetes mellitus (4 in group 1 vs 6 in group 2, p=0.739), 18 patients had chronic obstructive pulmonary disease (6 in group 1 vs 12 in group 2, p=0.188), three patients had cerebrovascular disease (1 in group 1 vs 2 in group 2, p.0.999), 10 patients had multinodular goitre (5 in group 1 vs 5 in group 2, p.0.999), and 64 patients were smokers. Demographic characteristics of the patients are presented in Table 1 . End of surgery CVP was higher in group 2 (CVP group) than group 1 (SVV group) ( p=0.022). All patients' end of surgery CVP levels were higher than their baseline CVP levels (9.22±3.6 mmHg vs 8±2.6 mmHg, p=0.003) ( Tables 2 and 3 ). In addition, SVV was used in fluid therapy for 48.9% of the patients. In the SVV group, 62.8% of patients (27 patients) responded to fluid therapy (fluid responsiveness was defined as an increase in SVI $10% after fluid challenge). The mean SVV value in the SVV group was 10.5%±3.5% (4-18) at baseline and 12.2%±5.3% (2-22) after surgery (p=0.094). Only 25.6% of the patients had baseline SVV $13%. The decrease in SVV during the OLV period was not significant when compared with baseline values. However, the mean SVV values during closed thoracic surgical periods were higher than values during OLV periods ( p=0.001) ( Table 4) .
The use of SVV resulted in an increased use of crystalloids and colloids with increased urine output per hour ( p,0.05). On the other hand, no significant difference in the length of hospital stay and the rate of complications was observed between the groups ( p.0.05) ( Tables 5 and 6) .
Furthermore, at least one complication occurred in 41.8% of the SVV group and 51.1% of the CVP group (p=0.402). The rate of respiratory complications including atelectasis, pneumonia, hypoxemia, air leak .5 days, and an increased production of secretions was 21% (n=9) in the SVV group and 37.7% (n=17) in the CVP group ( p=0.104). Of the patients, 13.6% had an increased production of secretions, 15.9% developed atelectasis, 8% developed pneumonia, 
Discussion
Lung surgeries (ie, lobectomy and pneumonectomy) are performed under OLV. Following these operations, noncardiogenic pulmonary edema, which is radiologically characterized by diffuse interstitial edema histologically and resembles acute respiratory distress syndrome, may develop in the remaining lung on the second or third postoperative day, despite normal pulmonary wedge pressures, and these complications are associated with high mortality rates. 7 To prevent these complications, diuretics must be administered intraoperatively and postoperatively, sufficient oxygenation must be maintained, and fluid restriction must be performed. Although the use of CVP is common to evaluate the fluid status in a classical manner, semi-invasive output methods such as SVV, pulse pressure variation, Pleth Variability Index, and echocardiography have become available with the advancement in technology. Several studies have shown that SVV has successfully predicted the fluid responsiveness, compared to the cardiac index (CI), CVP, and MAP. 4, 5 Tidal volume, PEEP, and compliance of the thorax and lungs are the main factors affecting SVV, and an increased cardiac preload and reduced SVV occur following thoracotomy. Therefore, it has been suggested that SVV measurements should be performed during mechanical ventilation with a tidal volume of 8 mL/kg. When switching to OLV, SVV measurements may give false results due to fact that it is unlikely to expose one lung to a high tidal volume. [8] [9] [10] In the present study, fluid therapy was guided by SVV measurements in 48.9% of the patients. The initial variables of the mechanical ventilator were set to a tidal volume of 8 mL/kg and a PEEP of 4 cmH 2 O, and SVV was maintained below 13%. Classically, anesthesia was performed to maintain the MAP .65 mmHg, HR between 60 and 100 bpm, CVP between 5 and 10 mmHg, and urine output .0.5 mL/kg. The patients received colloid (gelofusine) replacement, if the target values were not met with 1,000 mL of crystalloid solution. SVV values were decreased during the OLV period following thoracotomy and were increased when thorax was closed.
In their study, Fu et al 11 showed that the use of SVV failed in measuring the fluid responsiveness following thoracotomy in patients undergoing pulmonary lobectomy under OLV. Also, the authors reported no significant relationship between baseline SVV and baseline CVP values, as well as between MAP, stroke volume index, CI values, and CI changes after fluid loading. In another study, Mayer et al 12 demonstrated that the use of CI using the Vigileo™ FloTrac Device for target-driven fluid therapy in patients undergoing abdominal surgery reduced postoperative complications and the length of hospital stay. The length of hospital stay was 15 days versus 19 days and the rate of complications was 
3.1±0.8
Notes: Data are expressed as mean ± standard deviation. *MaP values in OlV are lower than in other periods (p,0.05). **CVP values were significantly higher after fluid loading (p,0.05). ***sVV was elevated when the thorax was closed (p=0.001).
+ sVi was increased in OlV (p=0.012) and closed thorax (p=0.035). In a randomized controlled study conducted by Benes et al, 13 SVV was compared with the classical method (CVP and MAP). The use of colloids was higher in the SVV group (1,425 mL vs 1,000 mL), whereas the rate of hypotensive episodes was lower, postoperative lactate levels were lower, and the rate of complications was lower (30% vs 58.3%) in the SVV group. Although the length of hospital stay was shorter, the lengths of intensive care unit stay and mortality rates were similar between the two groups. Furthermore, Zhang et al 14 reported that the use of SVV in target-driven fluid therapy in OLV increased the PaO 2 /FiO 2 ratio, decreased the time to extubation, and decreased the rates of nausea and vomiting. The use of crystalloids and colloids and urine output per hour were significantly higher in the control group; however, there was no significant difference in the length of hospital stay between the groups.
In the present study, although the use of SVV reduced complications, the difference did not reach statistical significance. The length of hospital stay and time to extubation were similar between the two groups. The use of colloids and crystalloids and urine output were higher in the SVV group. Due to the known requirement of fluid restriction in lung resection, excessive fluid restriction was avoided in the conventional method. Fluid therapy was optimized with the use of SVV in these patients, and the differences between the operators were therefore able to be eliminated. However, 37.2% of patients did not respond to fluid therapy.
In their studies, Ashes and Slinger 10 and Chau and Slinger 15 suggested that positive fluid balance should not exceed 20 mL/kg within the first 24 h, and the use of crystalloids should be limited to 2 L during the operation and below 3 L within the first 24 h. The use of colloids should be kept lower in adults and only be reserved to replace blood loss. In addition, urine output should be maintained above 0.5 mL/kg/h in the absence of acute renal failure and the replacement of losses to the third compartment should be avoided. Appropriate means of invasive hemodynamic monitoring systems must be used to guide the administration of vasopressor and inotropic agents and fluid resuscitation to increase tissue perfusion in the postoperative period.
Moreover, Pipanmekaporn et al 16 reported an incidence of 6.7% (48 patients) for cardiovascular complications in a study of 720 patients undergoing thoracotomy for indications other than cancer. The rate of cardiovascular complications was 22.2% in patients with a positive fluid balance of .2,000 mL and 7.0% in patients with a fluid balance of #2,000 mL (p=0.005). Cardiac arrhythmias are the most common complications, and the risk of complications was found to be 2.18-fold higher in patients with a high fluid balance (.2,000 mL) (95% CI 1.36-3.51, p=0.001). The authors reported that excessive hemorrhage (48%), hypotension without hemorrhage (29.6%), and liberal fluid resuscitation (22.4%) were the main causes of excessive positive fluid balance. In the present study, we attempted to maintain a Influence of stroke volume variation on fluid treatment positive fluid balance below 2,000 mL within the first 24 h in all patients, and used inotropic agents to increase tissue perfusion, when necessary. Nevertheless, the use of inotropic agents, use of blood products, and creatinine and lactate levels were similar between the two groups. Although the rate of complications was higher in the conventional methods (CVP group), despite fluid restriction, the difference did not reach statistical significance. This can be attributed to the small sample size of our study.
Limitations
Our study has some limitations. Firstly, the study is retrospective in nature and includes a small group of patients from a single institution. Secondly, SVV was not available postoperatively, because conventional parameters (MAP, HR, CVP) were used in this period. Thirdly, in the SVV group, SVV and conventional methods were used during OLV.
Conclusion
Our study results showed that the use of SVV increased the use of crystalloids and colloids, and favorably affected urine output per hour with not reduced complication rates. Therefore, we conclude that at least one method including a semi-invasive output method or echocardiography should be used to guide the fluid responsiveness in patients undergoing OLV.
